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PREFACE 

Meteorological studies suggest that technologically feasible op- 

erations might trigger substantial changes in the climate over broad 

regions of the globe. Depending on their character, location, and 

scale, these changes might be both deleterious and irreversible. If 

a foreign power were to bring about such perturbations either overtly 

or covertly, either maliciously or heedlessly, the results might be 

seriously detrimental to the security and welfare of this country. 

So that the United States may react rationally and effectively in re- 

sponse to such actions, it is essential that we have the capability 

to (1) evaluate the consequences of a variety of possible actions that 

might modify the climate, (2) detect trends in the global circulation 

that presage changes in the climate, either natural or artificial, and 

(3) determ.ne, if possible, means to counter potentially deleterious 

climatic changes. Our possession of this capability would make in- 

cautious experimentation unnecessary, and would tend to deter malicious 

manipulation. To this end, the Advanced Research Projects Agency 

initiated a study of the dynamics of climate to evaluate the effect of 

environmental perturbations on climate. This Report is a technical 

contribution to the study. 

An important part of the Rand/ARPA research program on the dy- 

namics of climate is the evaluation of the accuracy of simulations of 

the global climate given by numerical solutions of models of the gen- 

eral atmospheric circulation (in particular, the Mintz-Arakawa model). 

A systematic evaluation requires a knowledge of the global dis- 

tribution of many climatic variables.  In a previous Rand report by 

C. Schutz and W. L. Gates, (Global Climatic Data for Surface,  80J mbt 

400 mh:    January,  R-915-ARPA, January 1971) the January distribution 

of pressure, temperature, humidity, wind, and annual precipitation was 

presented together with the associated distributions of the elements 

of the global radiation and hydrologic balances. At this time it is 

possible to add to these data the normal surface albedo and the plane- 

tary albedo as measured from space. Our continuing research has also 
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made it possible to refine the original presentation of sea-surface 

temperature near the poles and to include the precipitation distribu- 

tion for December, January, and February. 

The supplementary data presented here are pari, of a continuing 

effort to gather in one place and in a common format the most repre- 

sentative global climatologies of selected seasonal meteorological 

variables. 



SUMMARY 

The global distributions of the surface albedo for January, the 

planetary albedo for January, and the total precipitation for December, 

January, and February are presented as a supplement to the January 

data previously published (Schutz and Gates, 1971). A number of re- 

finements of the high-latitude sea-surface temperature data have also 

been made, and the revised global January distribution is given. All 

data are presented on a global grid of 4° latitude and 5° longitude, 

as in the past, and are given in the form of both tabulated values and 

machine-analyzed maps. These data will be used as a guide in Rand's 

evaluation of climate simulations based on the Min^-Arakawa general 

circulation model. 
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INTRODUCTION 

The data presented in Schutz and Gates (1971) describe the Janu- 

ary global distribution of the primary climatic elements of pressure, 

temperature, wind, and moisture, together with a number of components 

of the surface heat and water balances. The supplementary data pre- 

sented here for the albedo and precipitation and the refinements to 

our original presentation of sea-surface temperature are part of a 

continuing effort to present the best climatologies available. These 

data will be used in the evaluation of climate simulation experiments 

based on numerical general circulation models, the Mintz-Arakawa model 

in particular. A documentation of this model is now available (Gates, 

et al., 1971). 

Despite an exhaustive search for the best possible January data, 

some variables were not readily available for the compilation of 

Schutz and Gates (1971); other variables have been updated at Rand or 

obtained from new reference material. The new January data presented 

in this Report are summarized in Table 1.1. 

Section 2 discusses the data selection and processing. Section 3 

presents a global analysis of each variable selected. The corre- 

sponding distribution of the zonal averages and the global average 

values are given in Section 4, and Section 5 gives tabulations of the 

associated grid-point data. The asterisks (*) in the grid-point tabu- 

lations denote regions with missing data. These regions correspond to 

the blank or "no data" areas of the analyzed maps and zonal averages. 

An exception occurs in the sea-surface temperature data in Sections 3 

and 5, where the letter "I" is also included to denote the location 

of sea ice. 
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2.  DATA SELECTION AND PROCESSING 

The processing or manipulation of each new source of January data 

identified in Table 1.1 is briefly described below. Although the dis- 

cussion refers primarily to the data of Section 3, it also applies to 

the corresponding zonally averaged data of Section 4, as well as the 

supporting grid-point data tabulations of Section 5. 

It should be noted that the previously published data on zonally 

averaged mean meridional geostrophic winds (Figs. 4.18 and 4.24 of 

Schutz and Gates, 1971) are erroneous. These data reflect the round- 

ing error in the averaging process, and should be identically zero. 

SEA-SURFACE TEMPERATURE 

The global distribution of average January sea-surface tempera- 

tures shuwn in Fig. 3.1 is based largely on the data contained in the 

NCAR publication of monthly averages (Washington and Thiel, 1970). 

The NCAR data, which apply between latitudes of 660N and 660S, were 

linearly extrapolated by 2.5° of latitude and longitude in the direc- 

tion of land or ice (interpolated "or small islands or narrow penin- 

sulas) and then transferred to the 4° latitude, 5° longitude grid by 

interpolation. Poleward of 660N and 660S, sea temperature and the 

distribution of sea ice were obtained from U.S. Navy Hydrographie Of- 

fice Atlases (1944, 1957, 1958). The grid elements containing more 

than 50 percent sea ice are denoted by "I" in Fig. 3.1. This intro- 

duces a bias toward more severe ice conditions.  (For example, if 60 

percent of an area contains ice of 60 percent concentration, only 36 

percent of the area is actually covered by ice.) This bias may partly 

compensate for the usual bias in the data toward calm, warm weather 

and ice-free conditions when ships can operate.  In high northern 

latitudes, February sea temperatures were used, which are slightly 

colder than those of January. 
* 

The U.S. Navy Hydrographie Office Atlases (1957, 1958) show sea 
temperatures only for February, May, August, and November. 



PRECIPITATION 

The global distribution of the annual precipitation (Fig. 3.6A 

of Schutz and Gates, 1971) remains a valuable source of information 

based on the work of Lvovitch and Ovchinnikov (1964). We also note 

that in the tabulation of these data (Table 5.6A of Schutz and Gates, 

1971), erroneous values were given for the annual precipitation at 

90oN and 90oS. These errors have been corrected in Table S.2A pre- 

sented here. 

The December-January-February distribution of precipitation for 

the globe (Fig. 3.2) was obtained from visual interpolation onto a 

5 latitude, 5° longitude grid from the analysis of Möller (1951). 

This was followed by linear interpolation to the points of the present 

grid. Although these data involve some empirical partitioning of the 

observed annual precipitation similar to that of Jacobs (1968), they 

are apparently the only global distributions available. The zonally 

averaged mean precipitation (Fig. 4.2) based on Möller (1951) supple- 

ments the previous data (Fig. 4.6B of Schutz and Gates, 1971), which 

was based on seasonal ocean apportionment extended over the interven- 

ing land masses (Jacobs, 1968). Table 2.1 shows partitioning of pre- 

cipitation data, a technique that may prove valuable in future research, 

ALBEDO 

The values of mean surface albedo for January shown in Fig. 3.3 

were transcribed directly onto the 4° latitude. 5° longitude grid from 

the data of Posey and Clapp (1964). These data show the measured 

January albedo for various types and amounts of ground cover, and con- 

sider the latitudinal variations of solar angle over the ocean. 

The values of mean planetary (world) albedo shown in Fig. 3.4 

were measured by the ESSA 7 satellite from 16 August 1968 to 23 June 

1969. These data were also transcribed directly onto the 4° latitude, 

5° longitude grid.* The reduction processes used to obtain these 

albedo data from the satellite measurements are discussed in detail in 

MacDonald (1970). 

From unpublished maps by T. H. MacDonald, "ESSA 7 Albedo Data " 
Radiation Branch National Environmental Satellite Center, Washington, 
D.C., January 1969 
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Table 2.1 

SEASONAL (QUARTERLY) APPORTIONMENT OF PRECIPITATION, BY 10° LATITUDE ZONES 

(percent) 

Atlantic Ocean Pacific Ocean Indian Ocean 

Dec March June Sept Dec March June Sept Dec March June Sept 
Jan April July Oct Jan April July Oct Jan April July Oct 

Latitude Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov 

50o-60oN 28 23 21 28 20 22 25 33 
40o-S0oN 31 23 20 26 25 24 23 28 H _ _ . _ _ _ m 

30o-40oN 33 26 16 25 31 27 21 21 - — _ _ „ ^ m _ 
20o-30oN 27 20 22 31 29 24 25 22 13 6 57 24 
10o~20oN 25 15 31 29 18 19 32 31 10 12 46 32 
0o-10oN 22 25 29 24 24 24 27 25 22 20 28 30 
0o-10oS 28 38 17 17 33 23 26 18 27 22 25 26 

10o-20oS 22 22 36 20 32 22 23 23 30 27 25 18 
20o-30oS 23 28 23 26 24 27 27 22 24 31 30 15 
30o-40oS 18 25 33 24 18 26 32 24 17 25 34 24 
40o-50oS 20 26 30 24 22 26 28 24 22 26 28 24 
50o-60oS 26 28 26 20 24 29 22 25 -- -- 

SOURCE: W. C. Jacobs (1968) 
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3.  GLOBAL CLIMATIC ANALYSES 

Preceding page blank 
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4.    ZONALLY AVERAGED DATA 

Preceiiii paie link 



■IS- 

I 

f iiiiirtiHIISilil!ll?nSiSlpiMili!^MSBSS!iiii 

I- si 
M u. 

I« 

II 
II 
H 

I 



•16- 

f 
I 

i 
tiiMfiiiitfViAiiii'i^rrsffffMi^i^^^^^ r If 

3. 

■ 

fl il 
I] -: 

• f ? f - 

1 



-17- 

5 
■•-< *-• u re 
U 

t iimimimiVziiiuttumimtiummmii 
i   

! 

;il»f^l3.F*S«t»l*«««5^-^f = f5^«*i?»H??f^fM? 

■ ■■»iii ^^■^—^^■^-^—< ■ i i i ■ i i-<-^-^—< i i i i i ii 

o 
-o 
Ö 

- «o 

D «   • 

Eg 
M 

re  re 
3  *- 
§ -3 

11 

M 
? "^ 
^i 
re-i: 

I 
11 

I 



-18- 

ifl 

o    wooeeeoeebdbeodeadeeedodeoebeeooeoboeoeoooddobö 

i 

5 
I 

 ' i  

itiiiiiiii 

u n 
u 

»4-1 

o 
•a 
o 

9 . 
■ 
♦-• • 

re u. 
i—i 

O 
b« 
3 « 
§^ 

U% u 
0) 
ÖCTJ 

2 c 
o .5 

re 



- JLO~ 

5.     GLOBAL DATA TABULATIONS 
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